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• The scales involved in GPM are unprecedented (microphysical to global
scale)

• There is no hope to explicitly resolve all scales everywhere.  Discrepancies
between: process scale, observational scale and modeling scale

• Small scales matter in getting the larger scales right (NL interactions that
grow over time)

• Upscaling = Find closures or parameterizations that “summarize” the effect
of small scales without explicitly resolving them, e.g, convective
parameterizations

• Downscaling = Statistical “reconstruction” of the missing variability at sub-
grid scales, i.e., at scales smaller than the satellite footprint or the model
“resolution scale”.

Going up and down the scales…



• There is no way to do proper upscaling or downscaling without an
exhaustive study of how the process variability changes over scales: from
the smallest to the largest scale

• The “numerical laboratory” of Greg Tripoli is an example for redoing the
upscaling of microphysics

• The extensive atmospheric BL turbulence field campaigns are examples for
coming up with better ABL parameterizations

• Understanding the multiscale statistical structure of rainfall is a prerequisite
for developing precipitation downscaling schemes, techniques for merging
observations at different scales, or for comparing model outputs to
observations at different scales (model verification)

Lessons learned the hard way…



Spatial Variability and Intermittency are Functions of Scale
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  Having same variability at a large scale does not imply
same variability at smaller scales

•How can we reconstruct unobserved
variability?

•What exogenous parameters might
help?



• There is a substantial evidence to suggest that despite
the very complex patterns of precipitation, there is an
underlying simpler structure which exhibits scale-
invariant statistical characteristics

• If this scale invariance is unraveled and quantified, it can
form the basis of moving up and down the scales:
important for efficient and parsimonious downscaling
methodologies

Premises of Statistical Downscaling



1. Multi-scale analysis of spatial precipitation

2. Relation of statistical parameters to physical observables

3. A spatial downscaling scheme

4. A space-time downscaling scheme

5. Merging multiscale/multisensor observations

6. Hydrologic applications: beyond hydrographs!

Outline of Talk



Multiscale Analysis – 1D example



Multiscale Analysis – 1D example



Multiscale Analysis – 1D example

Haar Wavelet
Multiscale Filter:



2D Multiscale Rainfall Analysis

• Local gradients of rainfall          depend on local average rainfall

intensities

•However, local standardized gradients

 Are approximately independent of local averages

 Obey approximately a Normal distribution centered around
zero, i.e., have only 1 parameter to worry about in each direction

 Their variance varies log-log linearly with scale
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(See Perica and Foufoula-Georgiou, JGR, 1996)
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Variance at known large scale

A storm-dependent parameter



ELcenvenvLFCgdzθθθ−∫CAPE  = 

θc    = potential T of an air parcel lifted
from the surface to the level z

θenv  = potential T of the unsaturated
environment at the same level

LFC = level of free convection

EL   = Equilibrium level

CAPE (m2/s2) is a measure of
potential instability

<CAPE> = representative CAPE

Relation of statistical parameter H to physical observables

(See Zhang and Foufoula-Georgiou, JGR, 1997)



Examples of Downscaling
64x64 km

4x4 km

Downscaled

4x4 km

Observed

(See Perica and Foufoula-Georgiou, JGR, 1996)

Given:

-Large scale means (e.g., 64x64
km average rain)

-Pre-storm environmental
conditions (CAPE)

-Parameters of predictive
equations (CAPE → H, C)

Provide (via statistical
downscaling based on IWT):

Rainfall at any smaller scale

IWT – Inverse Wavelet Transform

_



Examples of Downscaling

64x64 km

Downscaled Observed

(See Perica and Foufoula-Georgiou, JGR, 1996)

_

4x4 km4x4 km



Space-Time Downscaling
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January 27th, 1992 Darwin, Hourly Accumulation

Spatial variability changes over time . . .
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evolution

evolution



Statistical Evolution of Rainfall: PDFs of ΔlnI
Pixel Size: Δx=2 km

Pixel Size: Δx=8 km



• Look for transformation that relate the dimensionless
quantities

• Possible only via transformation of the form            :
“Dynamic scaling”

(See Venugopal, Foufoula-Georgiou and Sapozhnikov, JGR, 1999)

()12ttDD ()12xxDD
and

~ztL

Question: Is it possible to rescale space and
time such that some scale-invariance is
unraveled?



Iso-PDFs

σ (_lnI) = 0.6;  z = 0.58

σ (_lnI) = 0.8;  z = 0.51



Space-time downscaling

Spatial downscaling

Observed

Space-time downscaling preserves temporal persistence



Downscaling Precipitation for Improving Surface Energy Fluxes

• Ignoring subgrid-scale rainfall variability has been found to affect
prediction accuracy of water and energy fluxes at grid scales (due to
small-scale NL interactions which amplify).

• Example:  Modeling the effects of the July 4-5, 1995 storm over 
      Midwestern US

R12: Run coupled MM5-BATS; at 12km resolution

R3: Downscale rainfall at 3 km → run BATS at 3 km → couple to MM5 @ 12 km.

R3-12: “error” due to ignoring subgrid-scale rainfall 32 hours later.

Soil moisture @ top 10cm Latent heat flux from surface

(See Nykanen, Foufoula-Georgiou, and Lapenta, J. Hydrometeorology, 2001)

Error
R3-R12:

Result:

• Notice that the 3 km
rainfall heterogeneities going
through the coupled land-
atmosphere system
propagate to larger scale
(approx. 40 km) anomalies in
water and energy fluxes as
seen in these figures.



Downscaling hydrometeors for improving CRM composition

(See: Harris, Foufoula-Georgiou, Kummerow, JGR, 2003; Smedsmo, Venugopal, Foufoula-Georgiou, Droegemeier, and Kong, JAM, 2005)

• CRMs at 1-2 km resolution
underestimate the hydrometeor
variability and do not faithfully
reproduce the storm vertical
structure

• Can re-introduce this subgrid
scale variability via hydrometeor
downscaling

• Can use to improve the
scattering properties of cloud
data bases used in  rainfall
retrieval

Downscaled

Modeled

375m ARPS

PR

Model



Challenges in Precipitation Downscaling for GPM

1. Multiscale statistics of rainfall vary geographically and seasonally.
Current  parameterizations are in terms of CAPE but more refined and
robust storm-specific predictive equations for downscaling are needed
over diverse storm environments.

2. The parameters controlling the temporal evolution of subgrid-scale
statistics (for space-time downscaling) have not yet been related to
physical attributes of the storm.  Since preserving the short-term (within
3 hours) temporal persistence of downscaled rainfall is important for
many applications, more research is needed on this topic.

3. Schemes for downscaling orographic precipitation need to be
developed.  They should not be purely statistical but take advantage of
the underlying orography in a hybrid physical-statistical framework.



 Merging Multisensor/Multiscale Observations

• Optimal estimation at a desired scale, given partial or noisy measurements
at different scales

• Introduced a multi-scale Kalman-Filtering methodology (SRE=scale-
recursive estimation) and demonstrated its performance

(See: Tustison, Harris and Foufoula-Georgiou, JGR, 2001; Gupta, Venugopal and Foufoula-Georgiou, JGR, 2006)



GPM and Hydrology: Much Beyond Hydrograph Prediction

•Predicting the water, sediment and nutrient
cycling and the ecosystem response to natural
or anthropogenic stresses has become
imperative.

•High resolution topography is becoming
readily available around the world and in
remote mountainous areas.

•Our understanding of how the physical
template (river network topology, geomorphic
features) affects ecosystem dynamics
(vegetation, food webs, stream water quality)
increases rapidly.

• Wireless technology and new environmental
sensors and laboratory to field-scale
experiments, adds to this understanding.

Rainfall is the driver…



Maximum hourly rainfall contours from NEXRAD Contours of debris-flow concentration

(See Wieczorek et al., 1993)

(Highest debris flows: highest rainfall over steep areas)

June 27, 1995 Rapidan Storm, Madison County

GPM Opportunity:  Debris Flow and Landsliding

kmkm



GPM and Probabilistic Risk Assessment



GPM opportunity:  Sediment delivery to the streams

Sklar, Dietrich, Foufoula-Georgiou, Lashermes,Bellugi,  WRR, 2006

Gangodagamage and Foufoula-Georgiou, 2006



GPM Opportunity:  Biological and Ecological Response

1 km1 km1 km

•Precipitation affects the composition of
hillslope sediment entering the streams

•Excessive loading of fine sediment
smothers bed topography and reduces
growth and survival of juvenile
steelhead (the most serious impairment
of many western US Rivers)

•Benthic insects hidden in embedded
sediments are less available to fish

•The whole food web is affected

Research at NCED (National Center 
for Earth-surface Dynamics)



A Field Site to Advance Understanding
of Coupled Processes

Angelo Coast Range Reserve (ACRR) in the Eel River Basin



Micro-scale to field-scale Experiments

10cm

Rainfall
↓

vegetation
↓

biotic process
↓

channel morphology



1. High resolution topography becomes readily available around the world and in
remote mountainous areas.

  GPM offers the potential for understanding and predicting:
• Rainfall-induced hazards
• Ecosystem response to extremes or altered climates
• System recovery after disruption

2. Should not miss the conceptual opportunity offered by GPM of substituting
space for time; unprecedented chance to study diverse environments
simultaneously to speed up understanding and predictive ability.  Needs a
methodic framework of study.

• Also offers the ability for Probabilistic Risk Assessment

3. Even at resolution of 4 km, 3 hr over the globe the opportunities are
tremendous.

4. Precipitation downscaling (<4 km in space, <3 hours in time) is imperative for
some applications and despite progress several challenges still exist.

GPM offers unique opportunities for the Earth Sciences . . .



Precipitation at the Center of Geosciences?

• Rainfall responsible for ice-sheet
break-up . . .

Storms in the tropics and Northern
Hemisphere create transoceanic
waves linked to the Antarctic ice sheet
calving and break-up (MacAyeal, GRL,
2006)

• Rainfall responsible for triggering
earthquake activity . . .

Rainfall creates spatio-temporal
changes in pore pressure which alters
the strength of faults triggering
earthquakes (Hainzl et al., GRL, 2006)

• Rainfall responsible for the
Mississippi Delta subsidence . . .

(Turner et al., Science, 2006)


